We studied superoxide (0;) production in neutrophils from 78 normal pregnant women at 7 t o 39 weeks' gestation t o determine whether there is a critical gestational age in 0; production activity of maternal neutrophils. The 0; production was measured by determining the rate of superoxide dismutase-inhibitable reduction of ferricytochrome c a t 550 t o 540 nm. A scattergram of neutrophil 0; production value versus gestational age was analyzed using the least median of squares regression, leading t o a statistical stratification in which the median values of 0; production for outlying and nonoutlying points were 6.60 nrnol/106 cells and 2.72 nmol/lO' cells, respectively. All of the outlying points were R ECENT IN VITRO studies have shown that neutrophil functions such as adherence, chemotaxis, phagocytosis, and myeloperoxide activities are depressed during a specific period of pregnan~y,"~ thereby providing an explanation, to some extent, of the inflammatory process during gestation.
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Neutrophils are also known to generate superoxide anion (O;), a phenomenon which has been associated with pathogenesis of cardiovascular disease, as well as in inflammation and in bacterial killing.5,6 Previously, we reported that FMLP-induced 0; production was enhanced in pregnant women with preeclampsia and with hypertensive disorders at 28 weeks' gestation onward^.^ These findings led us to believe that the age-related change in neutrophil 0, production is worthy of investigation for better understanding the underlying neutrophil function in normal pregnancy, before considering that function in pathologically aberrant conditions such as preeclampsia.
Thus, we herein attempted to determine whether or not there would be critical periods in gestational age of 0, production activity of maternal neutrophils during the normal course of pregnancy. 
MATERIALS AND METHODS

Study Population
The subjects were divided into two groups: group 1 consisting of 78 uncomplicated pregnant women aged 30.7 t 4.9 (mean 'c SD) years, with gestational ages ranging from 7 to 39 weeks ( Table 1) and group 2 consisting of 5 nonpregnant normal healthy women aged 28.6 2 6.9 years, respectively. All cases were nonsmokers with no indication of complications nor any incidence of drug administration.
Mothers were cared for in the Maternity and Perinatal Care Unit, Kyushu University Hospital and the nonpregnant subjects were volunteers, who all gave informed consent to participate in this study.
Chemicals
FMLP, superoxide dismutase (SOD) and ferricytochrome c (Sigma Chemical CO, St Louis, MO) were purchased.
Preparation of Neutrophils
A 25-to 30-mL heparinized blood sample was obtained once from each subject. Neutrophils were then isolated according to the following procedure: ( I ) dextran sedimentation, (2) hypotonic lysis of erythrocytes, and (3) Conray-Ficoll method.',' The final preparation containing more than 98% neutrophils and less than 2% lymphocytes, monocytes, or eosinophils was used for the subsequent analysis.
Serum Pools
The serum fractions obtained from group I subjects were separated by centrifugation at 1,500 rpm for 10 minutes and then heated to 56°C for 30 minutes to inactivate the complement system. The sera were stored at -70°C until experimental use. The protein concentration of the samples was determined by the method of Lowry et
Variable Measurements
Superoxide measurement. Using neutrophils (1 X IOh cellslwell) suspended in a HEPES buffer solution containing 13 1 mmol/L NaC1, 4.7 mmol/L KCI, 1 mmol/L CaC12, 5 mmol/L glucose, and 20 mmol/ L HEPES (pH 7.4) for 5 minutes at 37°C before the addition of FMLP (10" mol/L), superoxide (OF) production was measured by determining the amount of SOD-inhibitable reduction of ferricytochrome c for 5 minutes at 550 to 540 nm by means of a model 3550 EIA reader (BioRad Laboratories, Tokyo, Japan).' The mean 0; production obtained from five independent measurements for each subject was used.
Serum effect on superoxide production. Neutrophils from five group 2 subjects were incubated with 15 serum samples selected from group 1 subjects (5 cases representing outlying points and IO nonoutlying points described below) at a concentration of 10 mg/ mL in HEPES-saline buffer (pH 7.4) for 1 hour at 37°C and then assayed for superoxide generation in the same manner as mentioned above. The mean 0; production was obtained from three independent measurements for each subject grouped into outlying and nonoutlying cases.
Stutisticnl analysis. A scattergram of 0; production value versus gestational age was made and then analyzed using the least median of squares regression," yielding a regression line and the standardized residual, defined as the least median of squares residual divided by the least-median-of-squares scale estimate (sLMS) for each measure- ment. The outlying and nonoutlying points among the measurements herein were defined as those with standardized residuals of >2.5 and 5 2 . 5 , respectively. Calculations were made using a program created by Rousseeuw, on a microcomputer system (model PC-98XL; NEC, Tokyo, Japan).
The 0; production obtained from the examination of serum effect on superoxide production was analyzed using the Mann-Whitney U test.
RESULTS
Neutrophil 0; production values versus gestational age were statistically stratified into outlying and nonoutlying points when stimulated by FMLP (Fig l) . The outlying points were concentrated at 19 to 22 gestational weeks. The median values of 0; production for outlying and nonoutlying points were 6.60 nmol/lO" cells (range, 5.38 to 9.80) and 2.72 nmol/lOh cells (range, 1.25 to 4.16), respectively ( Table  2) . No difference in maternal age, gravidity, and parity were noted between nonoutlying and outlying populations. The incidence of primigravida was similar in both outlying (33%) and nonoutlying (28%) subjects (Table 3) .
The sera from 5 pregnant cases (selected among 18 cases with outlying points) significantly enhanced neutrophil FMLP-induced 0; production activity (5.62 -t 1.19 nmoV IO' cells), when compared with those with sera from 10 pregnant cases with nonoutlying points (3.86 2 0.77nmol/ IO6 cells) ( P < .05). The neutrophils used for this experiment were obtained from nonpregnant subjects (Table 4) .
DISCUSSION
From this study, excessive 0; production in neutrophils from a subset of normal pregnant women was observed to occur significantly at the narrow age range of 19 to 22 gestational weeks. However, this finding seems to be unrelated to leukocytosis or immunologic depression observed during pregnancy,'," because leukocytosis is reported to emerge at an early gestational age and neutrophil-derived 0; is well known to have a primary role in host defense against bacterial infection.'' It was also found that the sera from the five pregnant women with outlying points enhanced, with statistical significance, FMLP-induced 0; production of neutrophils from normal nonpregnant subjects. Therefore, we conclude this phenomenon arises directly from a certain factor presenting in the serum. Various factors such as granulocyte13 and granulocyte-macrophage colony-stimulating factor,I4 tumor necrosis f a c t~r , '~ interferon y,I5 interleukin-8" and endothelin-l,' have been reported to enhance neutrophil 0; production." These mediators are unlikely to explain the stepwise increase at 19 weeks in 0; production and the stepwise decrease at 23 weeks' gestation, because they have been shown to increase almost linearly during gestation beginning around 12 week^.'^^'^'^ Maternal systemic blood volume increases during the first trimester with the most rapid progressive expansion at 19 to 20 weeks' gestation. However, arterial blood pressure decreases to a nadir at almost the same stage of gestation.' In addition, authors have documented that activated oxygen compounds have the potential to inactivate endothelial-derived relaxing factor," reduce prostacyclin release" and induce smooth muscle contraction.'' Petrone et a12' showed that the superoxide-dependent chemotactic factor in plasma appears to play a key role in mediating neutrophil-mediated inflammation.
Based on these reports, we deduce that the increase in neutrophil-derived 0, promotes a possible triggering effect on the interaction between neutrophil and endothelial cells in maternal circulation at 19 to 22 gestational weeks. In this phenomenon, 0; may take, in part, paracrine control of vascular tone, through inhibiting endothelial cell-derived vasodilators.
In summary, our results suggest that the function of circulating neutrophil-derived 0; can be dissociated from such neutrophil functions as adherence, chemotaxis, and phagocytosis seen during the normal course of pregnancy.
The critical gestational age of the observed changes in neutrophil 0; production can be further analyzed for a better comprehension of the manifestation of pregnancy-induced diseases involving impairment of the maternal circulatory system.
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